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. Present  State of t h e  Work: 
-4 

1. 

2. 

Wave. funct ions and energies  f o r  H e  Z 

a) Approximately one hundred reques ts  have been received 
for  r e p r i n t s  of t h e  paper mentioned i n  the previous s t a t u s  
report ,  ?'Wave Functions f o r  t h e  Excited States of Neutral  
H e l i u m t r ,  which appeared i n  t h e  Ju ly  19 i s s u e  of t he  Phys ica l  
Review. *. 

b) 
Excited States of H- and H e  1" which was mentioned i n  t h e  
previous s t a t u s  r epor t  has been stopped temporarily while  
a search is  made f a r  the  cause of a disagreement.between 
the earlier r e s u l t s  obtained On a I B M  7094 and those found 
w i t h  a modification of t h e  same program on a CDC 6600. 

The prepara t ion  of %he paper on "Non-Autoionizing Doubly 

Trans i t i on  probabi l i t ies  i n  H e  I 

a) 
and .c=ected for -the article "Oscillator St rengths  and 
High Accuracy Wave Functions for Neutral  Helium", which is 
t o  appear in the tmrnsactions of Symposium 26 of the  
I n t e r n a t i o n a l  Astronomical Union. 

b) The paper, "Osc i l la tor  S t rengths  f o r  S ing le t  and T r i p l e t  
Series Sn Meutral H e l i u m " ,  has been accepted fo r  pub l i ca t ion  

Both gal ley proof and page proof have been received 

the  Astrophysical Journal .  

been wr i t ten ,  tested, and applied which 
attempts t o  der ive  improved t r a n s i t i o n  probabi l i t i es  by 
minimizlnq t h e  d i f fe rence  between t h e  values obtained from 
t h e  dipole length,  ve loc i ty ,  and acce le ra t ion  expressions.  
Analytic wave functions which have been chosen by t h e  mini- 
mum pr inc ip l e ,  w i t h  t h e  va r i a t ion  of both l i n e a r  and non- 
l i n e a r  parameters, t o  give exce l l en t  values of the  energy 
are introduced i n t o  t h e  three expressions.  The l i n e a r  
parameters are then varied t o  winimize t h e  d i f f e rence  i n  
the o s c i l l a t o r  s t r eng th  as computed in any two, or i n  a l l  
three, ways. As would be expec'ted, va r i a t ions  i n  the  
parameters a f f e c t  t h e  t r a n s i t i o n  probabi l i t i es  more than t h e  
e t h e  lateer are mlnlma. The success o f  t h i s  
P t as get been as great 8s was 
hoped but several ideas are a v a i l a b l e  which may lead t o  
bet ter  r e s u l t s .  

Ground state wave funct ion for Ca I 

For several years Dr. Chen and t h e  Prineiplnl I n v e s t i g a t o r  
have been tpying t o  work out an e f f e c t i v e  procedure for  
obtaining wave functions which include exchange throughout 
and c o r r e l a t i o n  between t h e  valence e lec t rons .  A large 
mount  of time has been devoted t o  a method which starts 
out  from numerical Hartree se l f -cons is ten t  f i e l d  wave func t ions  
w i t h  exchange. Analytic c o r r e l a t i o n  terms of rather genera l  
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t ype  are then  added and a multi-dimensional Schmidt pro- 
cess  is appl ied t o  r e s t o r e  the  or thogonal i ty  wi th  t he  
wave funct ions of t h e  core e lec t rons .  T h i s  procedure 
leads t o  very laborious ca l cu la t ions  which have not as 
y e t  r e s u l t e d  i n  t h e  desired improvement I n  t h e  energ ies  ob- 
t a ined .  Nevertheless t h e  objec t ive  of obta in ing  wave 
funct ions wi th  exchange between a l l  e l e c t r o n s  and 
c o r r e l a t i o n  between those outs ide  closed shells seems 
very desirable. 
been undertaken. Non-diagonal Lagrangian m u l t i p l i e r s  are 
employed t o  maintain t h e  s t rong  or thogonal i ty  conditions.  
Up t o  t h e  date of t h i s  r e p o r t ,  self-consistency has not  
been pushed beyond the second i t e r a t i o n .  However, i f  
present  i nd ica t ions  are f u l f i l l e d ,  improvements i n  the 
energy beyond those o r i g i n a l l y  hoped f o r  w i l l  s h o r t l y  be 
obtained. 

A new approach t o  t h e  problem has therefore 

Ground state wave function for  He I 

The attempt t o  represent the  H e  I ground state wave 
funct ion wi th  l i n e a r  combinations of antisymmetrized 
c e n t r a l  f i e l d  funct ions has l e d  t o  a reduct ion i n  t h e  error 
in t h e  energy by 85% over t h e  b e s t  previous published value 
obtained from a configurat ion i n t e r a c t i o n  ca l cu la t ion .  It 
ha8 been decided t o  s top the ca l cu la t ions  at t h i s  poin t  and 
t o  prepare a paper on t h e  r e s u l t s  wi th in  the next month f o r  
submission t o  t h e  Physical Review. There is a very large 
amount of information ava l l ab le  In the  var ious ca l cu la t ions  
which have been performed i n  connection wi th  t h i s  problem. 
The i n t e r e s t  of t h i s  undertaking was p r imar i ly  methodological, 
and the results obtained w i l l  allow tests t o  be applied t o  
some of t he  supposit ions which have been expressed from 
t i m e  t o  t i m e  i n  the l i t e r a t u r e  i n  regard t o  the rate of 
convergence which can be obtained with c e n t r a l  f i e ld  functions.  

Wave funct ions,  energies ,  and f-values for  L,II and heavier ions  

The generat ion of high accuracy wave funct ions for  L i  I1 ha8 
been t h e  sus t a in ing  problem i n  recent  months while  other 
ca l cu la t ions  were being pressed. It now seems that  t h i s  
work should be carried through t o  completion in a reasonable 
time i n t e r v a l  and that  work on heavier  i ons  of i n t e r e s t  should 
be begun. 

Analvsiw- I- the  Fs, I1 spectrum 
- ~- 

~ 

a) 
Prof. A. G. Shenstone of Pr inceton took 8 series of Schuler 
tube exposures of Pe 11 covering the  wavelength range Prom 
about 2100 t o  6600 angstroms. These plates appear t o  be 
exce l len t .  The l i n e s  are sharp, as one expects  from the  
hollow cathode discharge, and t h e  exposure times are such 
as t o  g ive  measurable l i n e s  i n  a l l  but t h e  s t ronges t  cases. 
These plates are clearly an outstanding add i t ion  t o  t h e  
material on which t o  base t h e  ana lys i s .  

Plates: J u s t  after t h e  close of t h e  period under review, 

b) Wavelength reductions: I n  t he  far u l t r a v i o l e t  region,  
wavelength s tandards are s t i l l  r e l a t i v e l y  few. Furthermore 
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many of  t h e  so-called standards have had the i r  wavelengths 
determined from plates taken a t  far lower d ispers ion  than 
t h a t  which charac te r izes  t he  plates taken for  t h e  P r inc ipa l  
I n v e s t i g a t o r  a t  t h e  National Bureau of Standards.  The 
problem of  obta in ing  t h e  maximum of Information from those 
plates which were taken irh t he  far u l t r a v i o l e t  thus  becomes 
d i f f i c u l t .  Several  procedures have been t r ied i n  t h e  hope 
of f ind ing  the most e f f e c t i v e  methods of plate reduction, 
but  a clear dec is ion  between var ious procedures has not  y e t  
been obtained. Unfortunately the  emulsion employed on many 
of t h e  NBS plates is  such as t o  scatter t h e ' i n c i d e n t  u l t r a -  
v i o l e t  rather s t rongly.  
l i n e s  are not  accura te ly  measurable on any of t h e  plates pre- 
s e n t l y  ava i lab le .  A n  added d i f f i c u l t y  i n  what might be 
thought t o  be  an e s s e n t i a l  rou t ine  part of t h e  work has a r i s e n  
f r o m  the  plate measuring engine. The Grant instrument i s  i n  
many ways a superb instrument,  but there has been some s l i g h t  
t roub le  wi th  d r i f t  and t h e  associated e l e c t r o n i c s  and auto- 
matic f ea tu res  have not worked as w e l l  as was hoped. 
f u r t h e r  e f f o r t ,  these d i f f i c u l t i e s  w i l l  probably be overcome. 

As a r e s u l t  many ,of t h e  s t ronge r  

With 

su re  of t h i s  last po in t ,  the  e n t i r e  Mult iplet  ?able is  

c )  Analysis: Machine programs have been w r i t t e n  t o  m a k e  
preliminary surveys of  t h e  wavelenqth lists I n  search of 
constant  differences.  These programs seem t o  work very w e l l ,  
but t h e i r  usefulness i n  t h e  far u l t r a v i o l e t  has been reduced 
by t h e  d i f f i c u l t i e s  encountered i n  obtaininp: s u f f i c i e n t l y  
high accuracy I n  the  wave numbers. 
and far u l t r a v i o l e t ,  the  plates are very r ich,  so t h a t  
change coincidences of wave number d i f fe rences  are numerous. 
A s u b s t a n t i a l  part of  t h e  r ichness  o r i g i n a t e s  i n  t he  
simultaneous presence on t h e  plates of many l i n e s  of Fe I 
and Fe I11 I n  addi t ion  t o  those of Fe 11. However t h e  
v a r i e t y  of e x c i t a t i o n  conditions employed i n  the var ious 
exposures ava i l ab le  should allow for  t h e '  removal from t h e  
l i n e  lists of many o f  these  in t rude r s .  

I n  the  v i o l e t ,  u l t r a v i o l e t ,  

Spectrum of t h e  p e c u l i a r  A star  HD 188041 

Machine programs have been w r i t t e n  and appl ied t o  the  problem 
of l i n e  i d e n t i f i c a t i o n .  I n i t l a l l s  a large s e c t i o n  of 
Charlotte Moore's Mult iplet  Table" of Astrophysical I n t e r e s t  
has been punched on cards. The procedure i s  then t o  feed 
selected mul t ip l e t s  toge ther  w i t h  a wavelength l i s t  from t h e  
s te l la r  spectrum i n t o  the  computer. --* the mast pmbabze value of the radial velocity 
t o b - e T s e d  w i t h  t h i s  set of mul t ip l e t s .  If the  radial 
ve loc i ty  t o  be used wi th  o t h e r  m u l t i p l e t s  does not  differ t o o  
markedly, a second run through t h e  wavelenqth l i s t  y i e lds  
a l l  l i n e s  g iv ing  coincidences w i t h  l i n e s  i n  t h e  Mult iplet  
Table. 
w i t h  var ious addixional  information on i n t e n s i t i e s ,  wave- 
length s h i f t s ,  etc. If a l i n e  i s  used twice,  t h i s  fact  i s  
indica ted .  
t h e  machine program has been appl ied ,  Mrs. L i t t l e t o n  is 
pursuing t h e  l i n e  i d e n t i f i c a t i o n s  independently by t h e  more 
familiar hand methods. It seems probably t h a t  t h e  agreement 
between t h e  two procedures w i l l  be s a t i s f a c t o r v .  To make 

The output of t h i s  

These l i n e s  are p r in t ed  out i n  mul t ip l e t  arrays, 

I n  t h e  same regions of t h e  spectrum i n  which 
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* present ly  being punched. When t h i s  punching, which i s  already 

w e l l  along, is completed, one w i l l  be able t o  make more 

r e s u l t s  of these more complete tests of the  programs prove 
t o  be as successfu l  as is present ly  hoped, it would appear 
t h a t  a s i g n i f i c a n t  amount of the  heavy work of l i n e  
i d e n t i f i c a t i o n  i n  high d ispers ion  s p e c t r a  can be taken ca re  
of automatical ly .  Consideration has been given t o  programs 
which might s u b s t a n t i a l l y  reduce o t h e r  por t ions  of t he  work 
involved i n  t h e  study of stellar spec t ra .  
which such programs might open up f o r  s t u d i e s  i n  a number 
of  areas, for example, t h e  range of properties of l'normal" 
stars, are considerable.  

Personne 1 : 

D r .  Mabel Chen continued on three-fifths t i m e  and Mrs. Eleanor 
K. Kolchin on one-quarter t i m e .  Both salaries were sh i f ted  
from an AEC cont rac t  t o  t h e  NASA gran t  on November 1. Mrs. 
Norma C. Johnson continued on one-half time. Her salary w a s  
sh i f ted  from 811 ONR cont rac t  t o  NASA on November 1. Mrs. 
Cecily L i t t l e t o n  continued on one-f i f th  t i m e  on a NSF grant .  
M r .  Frank Ghigo, a Haverford undergraduate, continued t o  
work on t h e  p r o j e c t  without salary as one part of h i s  course 
load. 

- 1  

a systematic  tests than  have here tofore  been poss ib le .  If the 

The p o s s i b i l i t i e s  

The P r inc ipa l  Inves t iga to r  served as Provost of Haverford 
College and taught one course, "Qeneral R e l a t i v i t y  and 
Cosmology", i n  the first semester. 
at the Alberta Symposium on Quantum Chemistry a t  t h e  
Universi ty  of Alberta i n  Edmonton. This conference was one 
of the  most rewarding i n  the  area of  atomic and molecular 
c a l c u l a t i o n s  which the P r inc ipa l  I n v e s t i g a t o r  has  attended. 
In November, he at tended t h e  NASA Symposium on the  Magnetic 
and o t h e r  Pecu l i a r  and Metal l ic  Line A Stars. An account 
of t h i s  meeting was prepared and appeared i n  t h e  February 
i s s u e  of Sky and Telescope. I n  December, the  P r i n c i p a l  
I n v e s t i g a t o r  was present  a t  t h e  M i a m i  Conference on t h e  
Observational Aspects of Cosmology. 
meeting has been w r i t t e n  and w i l l  be published i n  the  A p r i l  
i s s u e  of Sky and Telescope. 

In August he was present  

A r epor t  of t h i s  


